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© Method of and apparatus for measuring liquid. 

© A method for measuring liquid to be transferred 
from a container (8) or containers to a measurement 
_pot includes the steps of: determining an initial de- 
^gree of opening of the valve (7) for controlling flow- 
rate of the liquid from the container (8) to the pot 



value and actual measured value. An apparatus for 
measuring liquid for use in a liquid mixing apparatus 
uses the above-mentioned method. 

FIG. 7 



00 



based on the valve's flow-rate characteristics and an 
55 arbitrarily chosen set vaJue; opening the valve (7) by 
the initial degree of opening; detecting the actual 
§J amount of liquid that has flowed into the pot; deter- 
<\J mining a next degree of opening of the valve based 
^on the actual measurement and the set value; and 
changing the degree of opening of the valve to the 
CLnext degree of opening. The determination of the 
^degrees of opening of the valve is based on fuzzy 
control, which uses a fuzzy inference from the set 
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METHOD OF AND APPARATUS FOR MEASURING LIQUID 



BACKGROUND OF THE INVENTION 



The present invention generally relates to a 
method of measuring a liquid. More particularly, 
the invention relates to a method of measuring a 
liquid wherein a "fuzzy" inference is effected 
based on an observed or measured quantity, 
and/or a quantity derived from the measured quan- 
tity, and the invention relates to an improvement of 
measuring accuracy, expansion of a measuring 
range and a decrease in time of measurement by 
sequentially varying a flow velocity of a substance 
to be measured using the fuzzy inference(s). 

The present invention also relates to a liquid 
measuring mixer for producing a new mixed liquid 
by intermixing a variety of raw liquids after measur- 
ing these liquids- 
Further, the present invention generally relates 
to a liquid measuring mixer for adjusting a new 
mixed liquid by intermixing multiple raw liquids 
after measuring the raw liquids, and more particu- 
larly, to a liquid measuring mixer for precisely and 
efficiently measuring and intermixing the raw liq- 
uids over a wide range of measurement. 

A detecting method in the measurement of 
liquid involves the use of a weight system (e.g., a 
load cell),a pressure system, (e.g., a differential 
pressure transmitter), a volume system (e.g., an 
oval flowmeter) and a variety of other systems. 

In all these systems, however, measurement 
control is performed on condition that the flow 
velocity is invariable. The measurement controlling 
system of the closed loop in which the flow velocity 
is successively varied does not come under the 
above-described concept. 

To increase the accuracy of the measurement, 
the following techniques have heretofore been uti- 
lized. 

(1) The first technique (e.g., as shown in 
Japanese Patent Publication No. 148019/1981) is 
as follows: The flow velocity changes at two states, 
and the measurement is made by a change-over to 
the slower flow velocity in the vicinity of the mea- 
surement set value. 



EXAMPLE 1). 



Two kinds of devices having different flow ve- 
5 locities are provided, the change-over is executed 
when the deviation between the measurement set 
value and the actual measurement value reaches a 
given conditional value. 



EXAMPLE 2). 



A single device for changing-over the flow ve- 
75 locity to two kinds of fixed conditions is provided, 
and the change-over is executed, as in Example 1. 
when the deviation reaches the given conditional 
value. 

20 

EXAMPLE 3). 



Based on the contents of Examples 1) and 2), 
25 the conditional value for commanding the change- 
over is modified from the result of the previous 
actual measurement by adding a learning function 
identified as a software function. 

(2) The second technique (e.g., as shown in 
30 Japanese Patent Laid-Open No. 29114/1982) is as 
follows: There is an inflow quantity (also referred to 
as a head quantity) functioning as a measurement 
stopping condition, and the measurement tech- 
nique is such that the measurement is previously 
35 stopped in anticipation of the inflow quantity. 



EXAMPLE 1). 

40 

The measurement stops when the deviation 
between the measurement set value and the actual 
measurement value reaches the given condition. 



EXAMPLE 2). 



The situation is almost the same as that in 
so example 3) of the first technique. However, the 
conditional value for commanding the halt of mea- 
surement is modified by performing arithmetic 
based on the preceding actual measurement result 
In the above-described measurement control 
methods, the change-over is carried out by making 
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the flow velocity constant or by varying the velocity 
at two stages. However, in such measurement con- 
trol, the measurement is fixed within a certain 
range. Therefore, the following problems are inher- 
ent. 



(1) Unreliable Measuring Accuracy: 



A situation where the accuracy is not assured 
is brought about due to fluctuations in flow velocity 
which are caused by disturbances and variations in 
liquid material property (viscosity or the like). In the 
case of gravity transfer, fluctuations in flow velocity 
are created in the measurement substance which 
flows out depending on residua! quantities (the 
amount of residue i.e. head difference) of the mea- 
surement substance existing in the supply contain- 
ers (or tanks), or the supply container located at an 
upper stream side. If the head difference is large, 
however, the flow velocity exceeds a certain range, 
and the accuracy is thereby reduced. This effect 
also results in restriction of variation-width of the 
head in the container. In order to keep the head 
difference within a predetermined conditional 
range, it is strictly required that the measurement 
be stopped, or alternatively that the container be 
properly supplied with more raw material 
(measurement substance) to keep the supply con- 
stantly above a predetermined quantity, which re- 
sults in a loss of raw material as well as an in- 
crease in production cost. 



(2) Narrow Measuring Range: 

Since the flow velocity is restricted, a ratio of a 
measurable minimum measurement value to a 
measurable maximum measurement value is ap- 
proximately 1 : 5. In a flow velocity 2-stage setting 
type, the ratio is approximately 1 : 10 at a maxi- 
mum. The reason why the measurement range is 
narrow is as follows. Even if the measurement is 
halted, there will be an inflow quantity associated 
with a delay in response of the system. This inflow 
quantity is determined by the flow velocity. Hence, 
if the measurement set value is small, the inflow 
quantity exceeds a guaranteed scope of accuracy, 
and it follows that the measurement range is re- 
stricted. In production plants which deal with a wide 
variety of materials, there is included such a type 
that the ratio within the measurement range exhib- 
its about 1 : 100 at maximum in the case of the 
same raw material. Therefore, it is necessary to 
select the measuring devices within a range of 
measurement set value. In other words, the allowa- 



ble inflow quantity is assured by narrowing the 
measuring range under such a condition that the 
flow velocity is constant. Where the same kind of 
liquids are measured, and/or if the measurement 
5 set values are greatly different, measuring devices 
having proper measuring ranges are needed, which 
arrangement results in an increase in the number 
of devices. 

w 

(3) Lack of Control of Measuring Time: 



Measuring time depends on the measurement 
75 set value. If the measurement set value is small, 
the measuring time is short, and vice versa. Fur- 
ther, where the measurement set value is small, an 
operating time of the system is erratic or scattered, 
whereby the measuring accuracy is not assured. 
20 This effect also leads to a narrower measurement 
range. In light of the entire system for producing 
new forms by intermixing multiple already-mea- 
sured substances, production capability is deter- 
mined by the measuring time. Especially in a pipe- 
25 less transfer production system carrier capability is 
limited. That is. to satisfy a given production ca- 
pacity, more measuring devices will be required 
due to a long production cycle. 

For the above-described reasons, the conven- 
30 tional liquid measuring mixer includes a multiplicity 
of independently controlled measuring devices in- 
stalled for every supply container. These measur- 
ing devices are also provided for optimum measur- 
ing time in view of any restriction of production 
35 capability. As a result, the system becomes intri- 
cate, and a remarkable number of measuring de- 
vices are required. 

Among the proposed measuring systems, as in 
the case of an oval flow meter, a capacity measur- 
40 ing system is often employed. During use of this 
system, the liquid has to fill the pipe. This causes 
such a problem that a loss of raw liquid is created. 

In order to attain highly accurate measurement, 
the measuring device applied to the liquid measur- 
45 ing mixer has heretofore been confined to such a 
type that a flow velocity is limited. The measuring 
device of such a type that the flow velocity is 
variable could not be seen so far. 

Where liquids are fed from a plurality of supply 
so containers to a piece of container, a conventional 
type of liquid measuring mixer is required to have 
the measuring devices attached to the individual 
supply containers. 

For instance, when adopting a capacity mea- 
55 suring system, as illustrated in Fig. 16, two mea- 
suring devices c. d are employed for two kinds of 
liquids e.g. liquids A and B in different containers 
a. b. respectively. For performing predictive control 
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over an inflow quantity to a mixing container e, a 
control unit f is required to have control functions 
using two loops. 

A "Liquid Adjusting Appartaus" and a "Method 
of Supplying Liquid" are disclosed in Japanese 
Patent Laid-Open No. 74715/1981 and Japanese 
Patent Publication No. 163426/1982, respectively. 
Based on the above-described method and appara- 
tus, flow rates of the plurality of liquids are mea- 
sured by means of a common measuring device. 
Liquid supplying means for regulating the flow 
rates are controlled by independent control loops. 

Namely, the flow rates of the liquids differ 
according to liquid quantities in the supply contain- 
ers (e.g., for the liquids A and B), flow-rate char- 
acteristics of the valve and liquid material prop- 
erties, and hence the highly precise measurement 
can not be expected under the same control. 

This situation is the same with a tank measur- 
ing system. It is required that stop valves of ac- 
tuators attached to respective systems are con- 
trolled by control systems of independent loops. 
(See Japanese Laid-Open Patent Application Pub- 
lication Nos. 29114/1982, 163426/1983 and 
74715/1981.) 

With a view to achieving highly accurate mea- 
surement, it has been proposed a method of effec- 
ting a change-over in accordance with a predeter- 
mined measurement deviation by providing parallel 
valves having different flow velocities. In this case, 
however, to perform the control function requires 
the control of two loops. 

The reason why this expression "control func- 
tions of two loops" is used herein is that when 
making use of a dispersive type control unit, two 
pieces of control units are not necessary, because 
the measuring process can be done in the single 
control unit Judging from the number of inputs and 
outputs and softwares, however, the two pieces of 
control units are required. 

In a batch producing process, when using a 
multiplicity of medical liquids, the liquid material 
properties thereof are different. As a result, it often 
happens that cumulative measurement can not be 
performed in the same container. Consequently, 
there is utilized a production system arranged in 
such a way that: a plurality of liquid receiving 
containers are prepared; mixable liquids are mea- 
sured in the same container; and unmixable liquids 
are measured in another container. For this reason, 
an adjusting tank designed for reaction and adjust- 
ment has to be provided on the lower stream side. 

In a production system where the adjusting 
tank for the reaction and adjustment is of a fixed 
type, when producing multiple liquids, the equip- 
ments have to be provided according to classifica- 
tion of the liquids. Especially, the fulfillment of 
highly accurate measurement requires, as ex- 



plained earlier, the multiplicity of measurement 
tanks, the adjusting tank, a pipe measuring device 
attached to the adjusting tank, the control unit and 
attached valves. In this case, it follows that the 
5 equipments are utilized for some kinds of liquids, 
but are not used for other kinds of liquids. This 
system has much futility, thereby increasing the 
initial costs of the equipments. There is increas- 
ingly a demand for a multipurpose production sys- 
70 tern. In the fixed production system, however, a 
modification in the piping system is required to be 
made; and further modification in the attached de- 
vice thereof is also needed, resulting in still more 
complicated system. 
75 To simplify the construction, there has recently 

been proposed a moving type batch production 
system which permits a reduction in the number of 
measuring devices. In this batch production sys- 
tem, measurement tank or the adjusting tank is put 
20 into a moving type. 

Where this system is applied to a conventional 
measuring device, however, the measuring time 
differs according to magnitude of a measurement 
set value. If the measurement set value is large. 
25 the measurement takes much time, with the result 
that restriction is given to a carrier time of capacity 
in the moving type production system. For this 
reason, in the prior art production system, a re- 
quired number of measuring devices are provided 
30 so as not to give the restriction to the carrier time. 
This arrangement contradicts the advantage of the 
moving type production system. Based on the con- 
ventional production system, a stay-time in the 
station is resultantly further extended. (A remark- 
35 able number of measuring devices are needed in 
terms of conditions such as a range of measure- 
ment set value, a limit of measuring time, measur- 
ing accuracy and so forth. Hence, an operating 
time for coupling the pipes and other processes 
40 increases). 

In a production system designed for photo- 
graphic photo-sensitive materials, light-shielding 
properties must be kept because of treating the 
photo-sensitive materials. An increment in the num- 
45 ber of joined portions brings about intricacy of the 
system, and variations in carrier cycle exerts influ- 
ences on performance of the products. 

In the prior art liquid measuring mixer, the 
measuring control is carried out on condition that 
so the flow velocity is constant. Hence, the conven- 
tional mixer has the defects in measuring accuracy, 
range and time which have been set forth above. 



55 
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SUMMARY OF THE INVENTION 



Accordingly, it is a primary object of the 
present invention which has been inspired by the 
above-described circumstances to provide a meth- 
od of measuring a liquid in a highly accurate man- 
ner over a wide range of measurement without 
being influenced by any fluctuations in flow velocity 
which are caused by disturbances, the measure- 
ment being performed within a short period of time 
regardless of magnitude of a measurement set 
value. 

To this end, according to the one aspect of the 
invention, there is provided a method of measuring 
a liquid with high accuracy over a wide range of 
measurements in a short time by simple adjust- 
ment without depending on system structure, valve 
flow-rate characteristics and liquid material prop- 
erties (viscosity or the like). 

Namelv. the present invention aims at attaining 
the highly accurate measurement confined to the 
liquid and eliminating the following defects inherent 
in a control system, an opening control valve and a 
detector for measuring a flow rate of a substance 
to be measured in the heretofore proposed mea- 
suring devices. 

(1) Conventional measurement control is ef- 
fected on condition that the flow velocity is con- 
stant. The flow-rate characteristics of the valve vary 
depending upon the head difference, the liquid 
material properties or the like. As a result, the 
measuring accuracy is deteriorated. 

(2) An apparent fluctuation-width is to some 
extent created in the observed quantity because of 
dynamic characteristics of the detector, thus caus- 
ing a decline of measuring accuracy. 

(3) In connection with the flow-rate char- 
acteristics of the valve, it is difficult to have con- 
stant and linear characteristics. The flow-rate char- 
acteristics differ according to the type of valve and 
the system structure. For this reason, adjustment is 
required for every structure to attain highly ac- 
curate measurement with a reasonable degree of 
certainty. 

In accordance with the present invention, the 
arrangement based on the flow-rate characteristics 
of the valve is such that the valve is fully closed in 
the vicinity of a valve opening degree 0%, and the 
liquid begins to flow in the vicinity of 10%. The 
flow-rate characteristics in the case of exceeding 
this value exclude a quick open characteristic. 

The directly observed (or measured) quantity 
or the computed quantity (difference between the 
set value and measured quantity and its time vari- 
ation), which quantity or quantities can be passed 
through a low pass filter to remove noise, are 



employed for arithmetic processing, in view of the 
dynamic characteristics of the detector, to deter- 
mine a degree of opening of the valve. 

The control system makes use of fuzzy control. 
5 Depending on the size of the physical quantities, 
the amount of opening of the valve is determined. 
In particular, the amount of opening is determined 
by using one or more predetermined, empirical 
fuzzy control rules for selecting the opening 
to amount. The rule or rules to use are selected by 
use of a membership function or functions, in 
which a membership value or values are each 
plotted in terms of the physical quantity or quan- 
tities (e.g. the difference or deviation between the 
75 set value and measured value, and a time variation 
thereof), and the particular rule or rules to use are 
selected based on the membership value. In the 
preferred embodiment, the physical quantities are 
semi-logarithmically expressed. The initial opening 
20 . amount of the valve is determined using a fuzzy 
inference based on the flow rate characteristics of 
the valve and the set value, then fuzzy inferences 
using these quantities and the above-mentioned 
quantities are used to continually or substantially 
25 continuously select the next amount of opening of 
the valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 



The various objects, features and advantages 
of the invention will be evident upon reading the 
35 detailed description below, with reference to the 
drawings, in which: 

FIG. 1 is an explanatory diagram illustrating 
a liquid measuring device which can be used to 
implement one embodiment of the method accord- 
40 ing to the present invention; 

FIG. 2 is a block diagram illustrating the 
control method for the device depicted in FIG. 1; 

FIG. 3 is a flow-rate diagram of an opening 
control valve; 

45 FIG. 4 is a plot of a membership function for 

fuzzy control; 

FIG. 4A is a diagram showing a principle of 
fuzzy control according to the invention; 

Fig. 4B is a diagram used for obtaining the 
so time-variation of degree of opening of a valve; 

Fig. 4C is a membership function for obtain- 
ing an initial opening degree of a valve; 

Fig. 5 is a diagram illustrating a cumulative 
measuring device to which the present invention is 
55 applied; 

Figs. 6(a) and 6(b) are flow-rate diagrams of 
the control valve used in an experiment for evaluat- 
ing the present invention, wherein Fig. 6(a) shows a 
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flow-rate diagram for a large flow velocity valve and 
Fig. 6(b) shows a flow-rate diagram for a small flow 
velocity valve; 

FIGS. 7(a) and 7(b) are diagrams, which 
correspond to FIGS. 6(a) and 6(b), respectively, 
showing results of the experiment; 

FIG. 8 is a block diagram of a dual liquid 
measuring device, showing an embodiment of an 
apparatus according to the invention; 

FIG. 9 is a block diagram illustrating a con- 
trol system for the multiple liquid measuring mixer 
of Fig. 8; 

FIG. 10 is a block diagram illustrating a 
variant form of the liquid measuring mixer accord- 
ing to the present invention; 

FIG. 1 1 is a diagram illustrating another em- 
bodiment of a liquid measuring mixer according to 
the present invention; 

FIG. 12 is a block diagram of a closed loop 
control for the embodiment of FIG. 1 1 . 

FIGS. 13 and 14 are diagrams illustrating 
further modifications of the present invention; 

FIG. 15 is a diagram for illustrating a further 
modification of the present invention; and 

FIG. 16 is a diagram of a conventional liquid 
measuring mixer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



trated in FIG. 3, curve (1). 

Next, a method of measuring a liquid according 
to the present invention will be explained. 

FIG. 2 shows a control process relative to the 
5 liquid measuring method of the present invention. 

Referring to FIGS. 1 and 2. when a measure- 
ment set value (indicative of the desired amount of 
liquid) is given to the measurement control unit 1, 
an initial opening degree of the valve is computed 
70 by drawing a "fuzzy" inference from the flow-rate 
characteristics of the valve depicted in FIG. 3 in a 
control part 1-2 of the control unit 1 based on the 
set value. Simultaneously, when starting the mea- 
surement, the control unit 1 gives an indication of 
75 initial opening degree through the servo driver 4 to 
the servo motor 5 of the control valve 6, so that the 
liquid flows from the tank 8. The actual weight 
value on the load cell 2 will then vary. The control 
unit 1 repeatedly receives the actual weight values 
20 which are transmitted from the load cell to the unit 
1 by the gravimeter/amplifier 3 at a predetermined 
cycle. An arithmetic part 1-1 provided in the control 
unit 1 serves to compute both a deviation between 
the measurement set value and the actual weight 
25 value and a time-variation quantity of the deviation, 
and further computes an observed quantity or 
quantities obtained by passing the foregoing quan- 
tities through a low pass filter to remove noise. The 
control part 1-2 then arithmetically derives the 
30 opening degree of the valve using a prescribed 
"fuzzy" rule or rules, which can be empirically 
developed. Such fuzzy rules are generally ex- 
pressed as follows: "If e is A. and 5e is B, then 5u 
is C." Here, e is the deviation, 5e is its time- 
35 variation, and 5u is the time-variation of the degree 
of opening of the valve. A and B are empirically 
selected, and can represent a prescribed range of 
values, and C is a prescribed amount or range. 
Thus, the selection of the proper fuzzy rule or rules 
40 is based on the values of e and 5e, which rules are 
selected to keep the flow rate (time-variation of the 
deviation) and the deviation in balance (Fig. 4A in 
which the rectangles formed by the dashed lines 
represent areas of balance) so that the flow is 
45 controlled to bring the deviation swiftly to zero. 

This selection process can be represented by 
a membership function, such as shown in Fig. 4. in 
which the x-axis is the deviation and the y-axis is a 
membership value (weighting factor). When the de- 
50 viation e is determined, it will fall either solely 
within one of the predetermined ranges "small", 
"medium", etc. and the factor will thus have a 
value "1 " or a value between "0" and "1 ". or it will 
fall in an area of overlap and the weighting factor 
55 will be between "0" and "1". When the deviation 
falls within only one range, the rule for the pre- 
determined range can be used. When the deviation 
falls within an area of overlap, a combination such 

6 



The preferred embodiments of the present in- 
vention will hereinafter be described with reference 
to the accompanying drawings. 

Turning now to FIG. 1, there is illustrated a 
liquid measuring device for a first embodiment of 
the present invention. In this embodiment, the de- 
scription is with respect to a subtraction type mea- 
surement in which an amount of liquid flowing from 
a measurement tank is observed. 

In FIQ. 1, reference numeral 1 designates a 
measurement control unit; 2 represents a load cell 
for measuring a weight of a raw material with which 
a measurement tank (or container) 8 is charged; 3 
denotes a gravimeter/amplifier (AMP); 4 stands for 
a servo driver (Driver) controlled by the measure- 
ment control unit 1; 5 represents a servo motor, 
which is driven by the servo driver 4. for changing 
a degree of opening of a control valve 6. The 
opening control valve 6 is provided for adjusting an 
amount of liquid flowing from the measurement 
tank 8. A stop valve 7. which is controlled by the 
measurement control unit 1. is provided for stop- 
ping the outflow of liquid. The opening control 
valve 6 has its flow-rate characteristics which are 
classified as equal-percentage characteristics illus- 
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as by interpolation, of rules can be used. A similar 
membership function can be used for the time- 
variation of the deviation 5e. Fig. 4B shows a dia- 
gram used for obtaining the time-variation of the 
degree of opening of the valve 6u. For example, 
providing that e has a membership value 0.8 in 
small zone, and fie has a membership value 0,6 in 
large zone and value 0,7 in medium zone. Further, 
providing that fuzzy rules are (1) e is small and 5e 
is large, then au is negative large and (2) e is small 
and Se is medium, then 5u is negative medium. In 
this case, a membership value of 5u is determined 
at smaller one of values of e and Se (other selec- 
tion is possible). Accordingly, the membership val- 
ue of 5u is 0.6 when rule (1) is used, and 0.7 when 
rule (2) is used. From the membership values, 5u is 
obtained by calculating, for example, the center of 
gravity of the area hatched in Fig. 4B. 

In the membership functions, the ranges for 
smaller deviations (or its time-variation) are made 
progressively smaller than the ranges for larger 
deviations. This arrangement is intended to im- 
prove the measuring accuracy and to attain a mea- 
surement within a short time, by determining the 
degree of opening of the valve more accurately for 
smaller deviation quantities than for larger ones. 
This principle can be applied to the low pass filter 
processing. When the deviation quantity is small, 
the measuring accuracy is improved by slackening 
the dynamic characteristics of the measurement 
detector by using the deviation quantity from the 
low pass filter. In other words, the control process 
of the invention is such that When the deviation 
between the set value and the actual measured 
value is large, e.g. during a first stage of fluid flow 
through the valve, the time-variation may be large, 
i.e. the membership function(s) and fuzzy rules(s) 
need not be that accurate. However, over time, the 
deviation decreases, so fluid flow will need to be 
controlled more accurately. The membership 
function(s) and fuzzy rule(s) used are thus made 
more accurate, and greater control is also achieved 
by reducing the deviation's time-variation to 
achieve a relatively constant minute flow. 

Immediately after initiating the measurement, 
the valve 6 is controlled to obtain an adequate 
degree of opening. As the deviation between the 
set value and measured value diminishes little by 
little, the opening degree of the valve 6 is also 
gradually reduced, thereby decreasing the flow ve- 
locity. At this time, if the valve 6 has the flow-rate 
characteristics of FIG. 3. a shift, corresponding to 
an opening degree of 10% or thereabouts in the 
vicinity of a zero deviation on the basis of the fuzzy 
arithmetic, is produced. Consequently, even when 
there is mechanical play in the valve, the affects 
thereof are absorbed by a dead zone and the 
control system, whereby the measurement can be 



performed with high precision. 

As shown in FIG. 5. the present invention is 
further applied to a cumulative measurement sys- 
tem in which a load cell 2a measures substances 

5 supplied from a plurality of tanks after intermixing 
these substances in a single measurement tank 1 8. 
In FIG. 5, opening control valves 13 and 14 are 
attached to first and second tanks 11, 12 (tanks 1 
and 2), respectively, disposed upstream of the 

70 valves 13, 14. Where the flow-rate characteristics 
of the opening control valves 13, 14 differ, the 
behavior of the valves after starting the measure- 
ment differ. However, the behavior of the valves 13, 
14 just before terminating the measurement is sub- 

15 stantially the same, if the characteristics in the 
vicinity of the dead zone illustrated in FIG. 3 do not 
change too much. It is therefore possible to effect 
the measurement on the basis of the same mem- 
bership function and fuzzy rule. 

20 Hence, a wide range of measurement can 

readily be carried out with high accuracy within a 
short period of time without depending on the 
differences between the system structures, the 
valve characteristics and the liquid material prop- 

25 erties. 

Next, the description will focus on results of an 
experiment conducted in accordance with the 
present invention. 

30 

Example 1 



The experiment was carried out in the measur- 

35 ing device depicted in FIG. 1 . 

The measuring device which yielded the afore- 
mentioned results is capable of measuring of 10 kg 
at maximum, and included a load cell having an 
accuracy of 1/5000. The FCV (opening control 

40 valve) was controlled by the servo motor, and a 
control command to charge its opening degree was 
outputted from the measurement control unit. 

Referring to FIG. 6. there is illustrated the flow- 
rate characteristics of two kinds of opening control 

45 valves. The two kinds of opening control valves 
were sequentially disposed in the system depicted 
in FIG. 1, and the measurement was conducted 
without changing the control system. 

FIGS. 7(a) and 7(b) show the results of mea- 

so surement of 1000 g. FIG. 7(a) illustrates :ne results 
associated with the opening control valve having 
the flow-rate characteristics depicted in FIG. 6(a). 
FIG. 7(b) shows the results of FIG. 6(b). As is 
obvious from FIGS. 7(a) and 7(b). an operating 

55 pattern of opening of the control valve, as a matter 
of course, varies. However, highly accurate mea- 
surement results can be obtained during almost the 
same measurement period. 
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In the measurement system, as shown in FIGS. 
6(a) and 6(b). the flow-rate, viz., the flow velocity, 
differs depending upon the amount of residue 
(head difference) of the liquid, even if the opening 
degree is the same. The residual quantity of the 
liquid is measured at the respective levels but the 
operating pattern of course differs. Nevertheless, 
the same results relative to the measuring time and 
the measuring accuracy are obtained. An accuracy 
within ± 1.0 g is secured within a measuring range 
of 1 : 100. 

In the foregoing illustrative embodiment, the 
measurement detector involves the use of the load 
cell. However, any kind of detectors capable of 
observing the measurement values of a differential 
pressure transmitter, a level gauge or the like may 
be utilized instead of the load cell. 

The servo motor has served as an example of 
a driving device for the opening control valve. 
However, any type of device capable of changing 
the valve's opening degree may be used. 

A process used for obtaining the result of mea- 
surement shown in Fig. 7(a) will be described in 
more detail in terms of fuzzy control. 

An initial opening degree of the valve is deter- 
mined by a membership function as shown in Fig. 
4C. For example, when the set value is 1000 g, a 
membership value corresponding to the set value 
is 0.5 from Fig. 4C. The maximum opening degree 
of the valve is set at 70.0 mm based on the flow- 
rate characteristics of the valve, so that the initial 
opening degree of the valve is set at 70.0 x 0.5 = 
35 mm. The fuzzy control is not conducted for a 
while (wastful time). Since it takes a time to transfer 
the liquid from a supply tank to a measurement 
tank as shown in Fig. 5. if the fuzzy control is 
conducted immediately after initiating the measure- 
ment, the opening degree of the valve may be 
increased excessively. Accordingly, the fuzzy con- 
trol is not conducted for the wastful time, which is 
within 0 - 9.9 seconds. 

In the measurement, fuzzy rules used are as 
follows: 

(1) If deviation e is very large and its time- 
variation 5e is medium, then time-variation of open- 
ing degree 6u is positive medium, 

(2) If e is very large and 5e is large, then 6u 
is positive small, 

(3) If e is very large and 6e is very large, 
then 5u is zero. 

(4) If e is large and 5e is very large, then 5u 
is negative small, 

(5) If e is medium and 6e is very large, then 
5u is negative medium, 

(6) If e is medium and 5e is large, then 5u is 
negative small, 

(7) If e is large and Se is large, then 6u is 

zero. 



(8) If e is large and 6e is medium, then 5u is 
positive small, and so on. 

At point A in Fig. 7(a) or Fig. 4A, fuzzy rule (1) 
is used so that 5u is increased. At point Ai in Fig. 
5 4A, fuzzy rules (1) and (2) are used so that the 
opening degree further increases. At point A2 in 
Fig. 4A, fuzzy rule (2) is used. At point A 3 in Fig. 
4A, fuzzy rules (2) and (3) are used. At point B in 
Fig. 7(a) or Fig. 4A, fuzzy rule (3) is used so that 
70 the opening degree of the valve is not varied. At 
point C in Fig. 7(a) or 4A, fuzzy rules (3) and (4) 
are used so that the opening degree of the valve is 
decreased. Between points C and D in Fig. 7(a) or 
4A, some fuzzy rules are used as between points A 
15 and B. At point D in Fig. 7(a) or 4A, fuzzy rule (8) 
is used so that the opening degree of the valve is 
increased. In the similar way, the fuzzy control is 
conducted so that the result of measurement 
shown in Fig. 7(a) was obtained. 
20 As discussed above, the present invention pro- 

vides the following effects on the basis of the same 
membership function and the fuzzy rule without 
depending on the flow-rate characteristics of the 
control valve and the structure of the measuring 
25 system: (1) Highly accurate measurement can be 
realized without being affected by fluctuations in 
flow velocity which are caused by disturbances. 
(2) An accurate measurement system having a 
wide range of measurement set value can be at- 
30 tained. (3) Measurements can be made within a 
short period of time regardless of magnitude of the 
measurement set value. 

In addition, as the control unit, production can 
readily be realized with the aid of a memory which 
35 need only have a low capacity, which leads to a 
decrease in cost of the apparatus. 

A second embodiment of the invention will 
hereinafter be described in detail with reference to 
FIGS, 8-11 Referring to FIG. 8, a dual liquid mea- 
40 suring mixing system according to the second em- 
bodiment is shown. In the system, raw liquids are 
supplied from two tanks 28a. 28b serving as liquid 
receiving containers disposed on the upper stream 
side, with respect to opening control valves (FCV) 
45 16a, 16b, of a single tank 38 serving as a liquid 
receiving tank downstream of the valves 16a. 16b. 
Further, by performing cumulative measurement of 
the two liquids, the system produces a mixed liquid 
of proper proportions. 
50 Connected to the upper tanks 28a. 28b are 

piping paths 22a and 22b in which drain valves 
(DV) 19a, 19b and stop valves (SV) 17a and 17b 
are provided. The DRVs 19a, 19b and are fitted 
with the opening control valves (FCV) 16a and 16b, 
55 respectively. 

The control valves 16a, 16b have their own 
flow-rates which, as illustrated in FIG. 3, exhibit 
equal-percentage characteristics. The valves are 
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characteristically fully-closed in the vicinity of a 
degree of valve opening of 0%, but the liquid flows 
in the vicinity of a 10% degree of opening. 

The piping paths 22a and 22b are connected to 
a common connecting pipe 20. The pipe 20 in- 
cludes a cleaning/effluent valve (CV) 10 through 
which the liquid can be transferred to the lower 
tank 38. Upstream of the connecting pipe 20 are a 
cleaning initiating valve (CIV) 25 and an air remov- 
ing -alve (ARV) 26. The CIV 25 is provided so that 
a . waning liquid (such as water) can be introduced 
into the connecting pipe 20. 

A load cell 12, defined as a detector for mea- 
suring a weight of the measurement liquid, is in- 
stalled in the lower tank 38. The load cell 12 is 
connected via a load cell amplifier (AMP) 15 to the 
measurement control unit 1 1 . 

The control unit 1 1 , which is connected through 
a servo driver 14 to a change-over device (COD) 
27, effects estimated control on the basis of flow- 
rate characteristics of the FCVs 16a, 16b. an actual 
measurement value of the liquid that is measured 
by the load cell 12 and a measurement set value. 

The change-over device 27 is connected to the 
FCVs 16a, 16b provided in the liquid supplying 
paths 22a, 22b and further to servo motors 21a and 
21b for driving the SVs 17a, 17b, respectively. The 
change-over device 27 outputs a drive command of 
the servo driver 1 4 controlled by the unit 1 1 after 
executing a change-over to a selected system. 

Next, the operation of the thus constructed 
liquid measuring mixer will be explained, referring 
to FIG. 9. which is a block diagram of the control 
process, as well as to FIG. 8. 

Production conditions (such as measured 
quantities of the liquids within the tanks 28a, 28b) 
are specified to the measurement control unit 11. 
The set value (b) is given to the unit 11. Subse- 
quent to this step, the DRVs 19a, 19b and the CV 
1 0 are changed over to a system based on a given 
system selection signal (a). Upon an indication of 
initiating the measurement, a command is transmit- 
ted from the control unit 11 to the servo driver 19a 
so that the SV 17a is opened, and the FCV 16a is 
arranged to have a determined initial degree of 
opening, as explained below. A valve port of the 
FCV 16a is set in a specified position by driving 
the servo motor 22a, and the opening degree is 
adjusted to cause a flow of raw liquid from the tank 
28a. At this time, the initial opening degree of the 
FCV 16a is computed by control part 11-2 of the 
control unit 1 1 on the basis of a "fuzzy" inference 
(or estimation) drawn from flow-rate characteristics 
of the valve and the measurement set value. Con- 
sequently, the raw liquid in the tank 28a begins to 
be transferred to the tank 38. The load cell 12 of 
the tank 38 detects the weight of the transferred 
raw liquid and then feeds back this value through 



the amplifier 5 to the control unit 1 1 . 

A filter arithmetic part 11-1 arithmetically de- 
rives an amount of deviation between the fed-back 
actual weight value and the set value, and a time- 
5 variation quantity of deviation, and at the same 
time the control unit 1 1 computes a value that is to 
be obtained by effecting a low pass filter process 
on the foregoing quantities. Based on the thus 
computed value, the control part 11-2 executes the 
70 arithmetic in accordance with a predetermined 
fuzzy rule, and seeks a degree of valve opening to 
which an appropriate flow velocity will be obtained 
at the subsequent control cycle. At this time, a 
membership function or functions and the appro- 
75 priate fuzzy rule or rules are used to control the 
degree of valve opening. 

After starting the measurement, when the mea- 
surement deviation decreases, the FCV 16a con- 
tracts the opening, thereby obtaining a very small 
20 flow velocity. When the measurement deviation and 
the time-variation quantity thereof diminish, and if 
the measurement deviation decreases below a cer- 
tain value, the measurement is stopped. The SV 
17a is then closed. Immediately, the FCV 16a is 
25 operated to approach a fully closed position. At this 
time, the flow velocity is extremely small, and the 
inflow quantity is also infinitesimal. Hence, the in- 
flow quantity after the measurement has ceased is 
reduced, while the measuring accuracy is improved 
30 without depending upon fluctuations in the flow 
velocity. Since the FCV 16a has the flow-rate char- 
acteristics depicted in FIG. 3. there is a shift equiv- 
alent to a 10% degree of valve opening or there- 
abouts in close proximity to a zero deviation on the 
35 basis of the estimation arithmetic rule. Even if there 
is mechanical play in the valve, the unfavorable 
influences caused by the mechanical play are ab- 
sorbed by making use of a dead zone and the 
estimation control system, thereby attaining highly 
40 accurate measurement. Furthermore, the operation 
of the FCV 16a changes according to the measure- 
ment set value or the processing system within a 
measurement range. In addition, the measurement 
can be done by the same measuring device re- 
45 gardless of magnitude of the measurement set 
value, resulting in expansion of the measurement 
range. However, this expansion is within a static 
accuracy of a detecting end. A pattern of operation 
of the FCV 16a varies with respect to measuring 
so time, and almost the same short-time measurement 
can be effected irrespective of magnitude of the 
measurement set value. 

Subsequently, the process is changed over to 
the measurement of liquid existing in the tank 28b 
55 by the system selecting signal (a). The change- 
over device 27 is changed over to the FCV 16b. A 
set value (b) is sent to the control unit 1 1 . and the 
measurement is carried out by performing the 
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same control as that described above in conformity 
with a measurement initiating command. The con- 
trol function in the control unit is the same. An 
output signal of the control part and driver merely 
is changed over to the SV 17b and the FCV 16b at 
the operating end by means of the change-over 
device 27. 

The liquids are transferred via the shared con- 
necting pipe 20 to the tank 38. The connecting 
pipe 20 is arranged such that the diameter thereof 
is large to permit the residual liquid within the pipe 
to spontaneously drop down to the CV 10 and tank 
38. Therefore, the length of this connecting pipe is 
as short as possible in order to improve the mea- 
suring accuracy. However, if the connecting pipe 
20 is not used, pipe arrangements to the tank 38 
can be individually made. In this case, the amount 
of liquid which becomes intermixed is restricted by 
the size of the tank 38. 

In addition, where a plurality of liquids are 
received, the pipe arrangement is difficult, and 
therefore presents a problem in terms of providing 
equipment. However, short and individual pipes are 
advantageous for obtaining measurements with 
super-high accuracy to avoid inaccuracies caused 
by any residual quantity of liquid in the connecting 
pipe. 

The description has been given on the as- 
sumption that the flow-rate characteristics of the 
FCV 16b are the same as those of the FCV 16a. 
Even when the respective flow-rate characteristics 
are different from each other, however, the behav- 
ior of the opening control valves 16a, 16b just 
before completing the measurement is substantially 
consistent, if the characteristics in the vicinity of 
the dead zone do not differ sharply. Even if the 
behaviors of the valves 1 6a. 1 6b after initiating the 
measurement differ, measurement is practicable 
using the same membership function and fuzzy 
rule. 

A highly precise measurement can readily be 
obtained in a short time over a wide range of set 
values irrespective of differences in the system 
constitution and valve properties. 

The liquid measuring mixer according to the 
present invention is one example of addition type 
liquid measurement (a system for measuring the 
liquid reserved in the measurement tank). 

In the Figures, the DRVs 19a, 19b, CV 10. CIV 
25 (cleaning initiating valve) and ARV 26 (air re- 
moving valve) are auxiliary valves for cleaning and 
effluent operations. 

When measuring the liquid, for instance, in the 
tank 28a. cleaning is carried out. Then, the liquid in 
the tank 28b is measured. In the case of cleaning 
only the connecting pipe 20, after finishing the 
measurement of liquid in the tank 28a. the CV 10 is 
changed over to an effluent-side, while the CIV 25 



is opened for cleaning. At this time, the ARV 26 as 
well as the SVs 17a, 17b remain closed. After the 
cleaning has been effected for a predetermined 
period, the CIV 25 is closed, and the ARV 26 is 
5 opened. Subsequently, the ARV 26 is closed. Then 
measurement proceeds to the tank 28b. 

In the embodiment explained above, the de- 
scription has been emphasized for the case where 
two kinds of liquids are measured and mixed. In 
io this invention, there may be a large number of 
liquids measured by the same liquid receiving con- 
tainer. However, the number of opening control 
valves controlled by the same measuring device is 
preferably eight or thereabouts. 
75 A variant form of the present invention will be 

explained with reference to FIG. 10. 

A combination of the addition type measuring 
system for measuring the liquid (by placing a de- 
tector in the liquid receiving container) and a sub- 
20 traction type measuring system for measuring an 
amount of outflow liquid (by placing the detector in 
a supply container) is characteristic of the arrange- 
ment in this variant form. The addition type mea- 
suring system has the same components as those 
25 in the above-described embodiment of FIG. 8, and 
hence the description is omitted herein, although 
like symbols are used for like elements. 

in the FIG. 10, an N-th supply container also 
serves as a measurement tank N. providing an 
30 upper load cell 42 proximate thereto. 

An outflow quantity of raw liquid filling the tank 
N is measured by an upper load cell 42, and is at 
the same time fed to the lower tank 38 defined as 
the liquid receiving container. Then, the raw liquid 
35 is cumulatively measured by a load cell 12. Actual 
measurement values obtained by the cumulative 
measuring system and the subtraction type mea- 
suring system are fed-back through load cell am- 
plifiers 15 and 55 to measurement control units 31 
40 and 32, respectively. The control units 31 and 32 
compute deviations between the actual measure- 
ment value and individual set values. The control 
units 31, 32 also compute deviation time-variation 
quantities, and then output opening commands 
45 based on the estimation rule. The outputs of the 
two control units 31 and 32 are changed over by 
means of a control system change-over device 
(control COD) 33 to control servo driver 14. 

In the above-described arrangement, infinites- 
50 imal measurement is carried out by, for example, 
the subtraction system, while the measurement 
containing a large measurement set value is per- 
formed by the addition system. This permits a still 
wider range of measurement. 
55 For a system for only one solution, the mea- 

surement tank is equipped with a stirrer, a hot 
water circulating device, etc. The measurement 
tank is defined as a control tank, and the measure- 

10 
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ment, a mixing process and a reactive process can 
therefore be performed in the same container. 

In the above-mentioned embodiment, the load 
cells 12, 42 have been exemplified as detecting 
devices. Other detectors may, however, be used. 
For example, such detectors include a pressure 
detector such as a differential pressure transmitter, 
and a variety of level gauges. It is to be noted that 
the measuring accuracy differs depending on the 
static accuracy of the detector. 

In the embodiment described above, the driv- 
ing device for the opening control valve involves 
the use of the servo motor. However, any kind of 
devices capable of effecting positional control may 
be employed. 

As discussed above, by using measuring de- 
vices which do not depend on the measurement 
set value, the residual quantity of liquid and the 
liquid material properties, the liquid measuring mix- 
er according to the present invention brings about: 

(1) a reduction in the number of the measur- 
ing devices, and 

(2) a drop in loss of raw liquid. 

Hence, the present invention provides the fol- 
lowing effects: 

(1) a decrease in initial cost in association 
with the reduction in the number of the measuring 
devices, 

(2) a decrease in the number of maintenance 
processes in association with the reduction in the 
number of the measuring devices, 

(3) a decrease in failure which is due to 
improved reliability in association with the reduction 
in the number of measuring devices, and 

(4) a diminution in operating cost in associ- 
ation with the drop in loss of raw liquid, this diminu- 
tion being obtained without being influenced by the 
residual quantity (head difference) of raw liquid on 
account of controlling the flow- velocity. 

A further embodiment of the present invention 
is shown in FIG. 11. There are a first number M 
groups of liquids which do not pose any problem of 
contamination between heterogeneous liquids. Sup- 
posing that there are a second number N of medi- 
cal liquids in every M groups, and multiple liquids 
are prepared for production. A total number of 
every kind of liquid to be used is less than MxN. 
A conventional production system requires supply 
medical liquid containers appropriate for the pro- 
duction liquid and measuring devices 112a, 11 2b 
(such as load cells) even when dealing with the 
same kind of medical liquids irrespective of wheth- 
er the system is a moving or fixed system, putting 
the measuring range, the measuring time and the 
measuring accuracy into consideration. The num- 
ber of measuring devices amounts to M x N or 
more. In accordance with the present invention, 
however, a measurement control unit of the closed- 



loop type for varying a flow velocity is used, and 
this control unit effects fuzzy control. Hence, the 
measuring range, the measuring time and the mea- 
suring accuracy are all improved greatly. (M x N)- 
5 number of supply liquid containers 128 (i.e. 128a1, 
128b1,...,l28n1 and 128aM, 128bM 128nM) suf- 
fice, while the number of measuring devices 11 2a, 
112b which is determined from their capacity, may 
be small, if there is no problem pertaining to the 
w contamination of liquids. 

Two separate measuring elements or devices 
1 12a and 112b (e.g. load cells) are provided herein. 
The number of the supply liquid containers (or 
tanks) 128 may be M x N. However, the number of 
15 the measuring devices 112a, 112b is determined 
from a time for adjusting medical liquids and a 
production scale according to the classification of 
liquids, and hence in some cases it happens that 
the necessary number of supply liquid containers 
20 is more than MxN. 

FIG. 12 is a block diagram of the system of 
control for the first group of a (Group 1) of liquid 
containers 128a1, 128bl,..., I28n1, but the struc- 
ture of FIG. 12 is equally applicable to control of 
25 the other groups (Groups 2-M). Therefore, the con- 
trol structure for the other groups is not set forth 
herein in details to avoid repetition. 

Each measuring device includes a measure- 
ment control unit 111. Outputs of the measurement 
30 control unit 111 are changed over by a change- 
over device (COD) 37 so that the outputs are 
selectively outputted to a plurality of opening con- 
trol valves 116 (116a1, 1l6b1...., 116nl) (1 through 
N) are measured by the same control algorithm in 
35 the same liquid receiving container (measurement 
pot) 138A. 

The above-mentioned opening control valves 
116 exhibit, as illustrated in FIG. 3. equal percent- 
age characteristics as their flow-rate characteristics 
40 wherein each valve is fully closed in the vicinity of 
a valve opening degree of 0%. while the liquid 
begins to flow in the vicinity of a valve opening 
degree of 10%. 

The measurement control unit 111 is com- 
45 posed of a filter arithmetic part (FAP) 111-1 a 
fuzzy control part (FCP) 111-2 and a driving control 
part (DCP) 111-1. The measurement control unit 
111 serves to execute fuzzy control on the basis of 
the flow-rate characteristics of the control valves 
so 116 (1 through N), a measurement set value and a 
measurement value obtained by the measuring de- 
vice 112, thus controlling the opening degrees of 
the control valves 116 (1 through N). 

Next description will focus on the operating 
55 process of the liquid measuring mixer according to 
the present invention. 

From a host production control unit, an indica- 
tion that the measurement pot (liquid receiving 
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container 138A) should be loaded on a station A 
with a load cell 112A is given to, for example, an 
unmanned carry vehicle 49 used for moving the 
pot onto the station. Subsequently, an indication of 
measuring the medical liquid in a different pre- 
determined one of the supply liquid containers 128 
(e.g.. tank 12) is imparted to the measuring device 
112a. The change-over device 37 is so provided 
that the opening control valve Il6bl and stop valve 
117b1 of the tank 12 which are selectively changed 
over by system selecting signal are controllable by 
the control unit 111. 

From the host production control unit, there is 
given an indication that a coupling device 70b1 
attached to the supply liquid container should be 
coupled to a coupling member of the liquid receiv- 
ing container 138A (measurement pot A). Upon 
confirmation of preparations for measurement 
through the above-described initial stage, the host 
production control unit issues an indication of ini- 
tiating the measurement. The stop valve opens in 
response to the measurement initiating command. 
The control valve 116b1 receives a positional com- 
mand from the measurement control unit so that 
the valve has a predetermined opening degree. A 
valve port of the opening control valve is set in a 
specified position by actuating a driving motor 
122b1 of the tank 12. thus causing a flow of raw 
liquids while controlling the opening degree. At this 
time, an initial opening degree of the valve is 
computed by the fuzzy control part 111-2 of the 
measurement control unit 111 from the flow-rate 
characteristics of the valve and the measurement 
set value on the basis of the fuzzy rule, whereby 
the raw liquid of the tank I28b1 begins to be 
transferred to the liquid receiving container 138A. 
The measuring device 112A (load cell A) for the 
tank 138A detects the weight of the transferred raw 
liquid, and then feeds back to the value to the 
control unit 111. 

The fuzzy control part 111-2 of the control unit 
111 calculates a deviation between the measure- 
ment set value and the thus fed-back supply liquid 
measurement value and also of a time-variation 
quantity of deviation. The control unit 111 com- 
putes a value which is to be obtained by effecting 
a low pass filter process on the above-described 
quantities. The fuzzy control part 111-2 performs 
estimation arithmetic from the thus computed val- 
ue, and there is obtained a degree of opening of 
the opening control valve to which an appropriate 
flow velocity is gained at the next control cycle by 
opening the valve to that degree of opening. 

At this time, a membership function or func- 
tions for the fuzzy inference assume, for instance, 
a semi-logarithmic configuration such as depicted 
in FIG. 4 wherein the x-axis corresponds to the 
deviation (difference between the measurement set 



value and the measured or observed amount) and 
the y-axis represents a membership value or a 
weighting factor. 

A similar membership function for the time- 

5 variation of the deviation is also used. In the mem- 
bership functions, the x-axis is divided so that 
sections having smaller physical quantities are 
made minute. This arrangement is so intended to 
improve the measuring accuracy of the device and 

70 to attain measurement in a relatively short time. 

A detailed description of the fuzzy control pro- 
cess according to the invention has already been 
set forth herein, and therefore a further description 
thereof will be omitted for the sake of being con- 

75 cise. 

After starting the measurement when the mea- 
surement deviation decreases, the control valve 
1l6b1 contracts its opening, resulting in a very 
small flow velocity. When the measurement de- 
20 viation and the time-variation quantity of deviation 
diminish, and if the measurement deviation de- 
creases under a given value, the measurement is 
halted. The stop valve 117b1 moves in the full- 
closing direction, at which time the flow velocity is 
25 extremely small and the inflow quantity is also 
infinitesimal. Hence, the inflow quantity after stop- 
ping the measurement decreases, while the mea- 
suring accuracy is improved without depending 
upon fluctuations in flow velocity. 
30 Since the control valve has the flow-rate char- 

acteristics shown in FIG. 3. there is a shift equiv- 
alent to a valve opening degree of 10% or there- 
abouts in close proximity to a zero deviation on the 
basis of the estimation arithmetic. Even if there is 
35 mechanical play in the valve, the unfavorable influ- 
ences caused by the mechanical play are ab- 
sorbed by making use of a dead zone and the 
estimation control system, thereby attaining highly 
accurate measurement. Furthermore, the operation 
40 of the opening control valve changes according to 
the measurement set value or the processing sys- 
tem within a measuring range, and the measure- 
ment can be done by the same measuring device 
regardless of magnitude of the measurement set 
45 value, with the result that the measuring range is 
expanded. In connection with the measuring time, 
the operating pattern of the opening control valve 
varies, and almost the same measurement can be 
effected in a short time irrespective of magnitude 
so of the measurement set value. All kinds of medical 
liquids are measured by executing the operation of 
the above-described content in accordance with the 
classification. Subsequent to this step, the liquids 
are transferred to the adjusting tank 40 provided 
55 downstream of the measurement pots. 

Immediately when a movement-command is 
issued from the host production control unit to the 
transfer station C. the automatic carry vehicle 49 
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carries the liquid receiving container 138A 
(measurement pot A) to the station C, whereby it is 
coupled to an upper portion 103a of a device 103. 
If the adjusting tank 40 is movably mounted similar 
to the pot A and moving device 49 depicted in FIG. 
11, the adjusting tank also moves and is then 
coupled to a lower portion 103b of the pipe con- 
necting device 103. Upon confirmation of this cou- 
pling, a foot valve of the liquid receiving container 
138A (measurement pot A) is controlled by a car- 
rier control unit. The valve is then opened, and the 
liquid is thereby transferred to the tank 40. 

FIG. 11 shows an arrangement in which the 
measuring devices 112 (load cells) are disposed at 
the stations A and B, and movement of the pots to 
a predetermined position is effected by the un- 
manned carry vehicle 49. It is permitted that the 
liquid receiving container 138A itself (measurement 
pot), as illustrated in FIG. 13, includes the measur- 
ing device 138A and the carrier function, viz., 
wheels 100A. Under such a construction, the cou- 
pling device is not fixed to the station in contrast to 
the situation in FiG. 11. It is, however, required that 
an electrical connecting device such as a positional 
detecting sensor be provided in each coupling po- 
sition. 

As illustrated in FIG. 14, blades of respective 
stirrers 101A and 101B are added to the liquid 
receiving containers 338A, 338B. and the contain- 
ers are transferred to a stirrer station 102. Each of 
the liquid receiving containers 338A, 338B are 
made to have intermixing and reactive functions, 
thus also serving as an adjusting tank. As a result, 
a still more efficient system can be obtained. 

In the above-described embodiment, the mea- 
suring devices 338A, 338B involve the use of the 
load cells 31 2A. 312 B. However, the situation is 
the same, if other measuring devices are em- 
ployed. Especially when the differential pressure 
transmitter is used in the tank in FIGS, 13 and 14, 
it is possible to fix the liquid receiving container to 
an automatic travelling vehicle, which facilitates the 
manufacture of the liquid receiving container. Con- 
sequently, vibrations have no influence. 

When employing the measurement control unit 
having functions of the adding measurement in the 
liquid receiving container and of the subtracting 
measurement by fitting the measuring device to the 
supply liquid >ntainer, a much wider range of 
measurement is practicable. 

In a liquid measuring mixer in which a liquid 
receiving container receives a plurality of liquids 
from a plurality of supply liquid containers after 
cumulatively measuring the liquids and then the 
liquids are intermixed therein, the improved liquid 
measuring mixer according to the present invention 
is arranged such that: the supply liquid containers 
include opening control valves provided in supply 



liquid pipes; and a supply liquid measurement con- 
trol unit is identified as a precision measurement 
control unit of a closed loop control type which 
controls opening degrees of the control valves on 
5 the basis of an estimation to thereby change a flow 
velocity of the supply liquids, corresponding to 
individual supply liquid measurement values, the 
control unit includes a moving device for moving 
the liquid receiving container. In a system which 
70 adopts the control unit according to the present 
invention, highly accurate measurement can be at- 
tained without undergoing influences due to vari- 
ations in flow velocity produced by disturbances. In 
addition, the measurement can quickly be con- 
/5 ducted within a short period of time for a wide 
range of measured values. The number of measur- 
ing devices is decreased, and the necessary equip- 
ment is thereby simplified. Even in the case of a 
large-scale system with lots of devices, the produc- 
20 tion capability is augmented. Enhancement of 
product-quality and a reduction in loss of raw ma- 
terials can be realized by adjustment in a large 
scope. As a result, it is feasible to decrease the 
initial costs, maintenance costs and the operating 
25 costs as well. Furthermore, reliability is also im- 
proved. 

Claims 

30 

1. A method of measuring liquid, the method 
comprising the steps of: 

(a) determining an initial degree of opening 
of a valve for controlling a flow-rate of the liquid 

35 based on flow-rate characteristics of the valve and 
a set value; 

(b) opening the valve by the initial opening 
degree to allow the liquid to flow through the valve; 

(c) obtaining an actual measurement value 
40 corresponding to the amount of the liquid which 

has flowed .through the valve; 

(d) determining a next degree of opening of 
the valve based on the actual measurement value 
and the set value; and 

45 (e) changing the degree of opening of the 

valve to the next degree of opening. 

2. A method of measuring liquid as set forth in 
Claim 1. wherein the actual measurement value is 
obtained substantially continuously, the next de- 

50 gree of opening of the valve is substantially con- 
tinuously determined, and the degree of opening of 
the valve is substantially continuously changed 

3. A method of measuring liquid as set forth in 
Claim 1. wherein the initial and next degrees of 

55 opening of the valve are determined using fuzzy 
control using a prescribed fuzzy rule. 
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4. A method of measuring liquid as set forth in 
Claim 1 . wherein the flow-rate characteristics of the 
valve are determined prior to opening the valve, 
and the initial degree of opening of the valve is 
determined prior to opening the valve. 

5. A method of measuring liquid as set torth in 
Claim 1 , wherein the flow-rate characteristics of the 
valve are determined prior to opening the valve, 
and the valve has a dead zone corresponding to a 
range of the degree of opening of the valve in 
which the flow-rate is substantially constant. 

6. A method of measuring liquid as set forth in 
Claim 5, wherein the dead zone is from a zero 
degree of opening to approximately a ten percent 
degree of opening. 

7. A method of measuring liquid as set forth in 
Claim 1, wherein a deviation, and its time-variation, 
between said set value and said actual measure- 
ment value are both determined and passed 
through a low-pass filter, in determining the next 
degree of opening of the valve. 

8. A method of measuring liquid as set forth in 
Claim 5, wherein a deviation, and its time- variation, 
between said set value and said actual measure- 
ment value are both determined and passed 
through a low-pass filter, in determining the next 
degree of opening of the valve. 

9. A method of measuring liquid as set forth in 
Claim 3, wherein a deviation, and its time-variation, 
between said set value and said actual measured 
value are determined, said prescribed fuzzy rule 
being such that said time-variation is more pre- 
cisely calculated and is reduced as a measurement 
time increases. 

10. A method of measuring liquid as set forth 
in Claim 9, wherein the flow-rate characteristics of 
the valve are determined prior to opening the valve, 
and the valve has a dead zone corresponding to a 
range of the degree of opening of the valve in 
which the flow-rate is substantially zone. 

11. A method of measuring liquid as set forth 
in Claim 10, wherein the deviation, and its time- 
variation between said set value and said actual 
measurement value are both determined and 
passed through a low-pass filter. 

12. A method of measuring liquid as set forth 
in Claim 1, further comprising a set of closing the 
valve when said actual measured value is within a 
predetermined amount of said set value. 

13. An apparatus for measuring liquid, the ap- 
paratus comprising: 

(a) means for determining an initial degree of 
opening of a valve for controlling a flow-rate of the 
liquid based on flow-rate characteristics of the 
valve and a set value; 

(b) means for opening the valve by the initial 
opening degree to allow the liquid to flow through 
the valve; 



(c) means for obtaining an actual measure- 
ment value corresponding to the amount of the 
liquid which has flowed through the valve; 

(d) means for determining a next degree of 
5 opening of the valve based on the actual measure- 
ment value and the set value; and 

(e) means for changing the degree of open- 
ing of the valve to the next degree of opening. 

14. An apparatus for measuring liquid for use 
70 in a liquid mixing apparatus for mixing at least first 
and second liquids, the apparatus comprising: 

(a) first means for containing the first liquids; 

(b) second means for containing the second 
liquids; 

75 (c) means for receiving respective amounts 

of the first and second liquids; 

(d) first means for defining a flow path be- 
tween said first containing means and said receiv- 
ing means; 

20 (e) second means for defining a flow path 

between said second containing means and said 
receiving means; 

(f) first means for regulating flow-rate of the 
first liquid along said first flow path means to said 

25 means for receiving, said first means for regulating 
having a degree of opening corresponding to the 
flow-rate; 

(g) second means for regulating flow-rate of 
the second liquid along said second flow path 

so means to said means for receiving, said second 
means for regulating having a degree of opening 
corresponding to the flow-rate; 

(f) means for obtaining an actual measured 
value corresponding to an amount of liquid re- 

35 ceived by said means for receiving; and 

(g) a control mechanism including: 

(1) means for determining the degree of 
opening of the first and second means for regulat- 
ing, the degree of opening of said first means for 

40 regulating being based on the actual measured 
amount of liquid received by said means for receiv- 
ing and a first set value, and a degree of opening 
of said second means for receiving being based on 
the actual measured amount of liquid received by 

45 said means for receiving and a second set value, 
and 

(2) means for controlling the respective 
amounts of opening of the first and second means 
for regulating in response to the determinations of 

so the respective amounts, of opening. 

15. An apparatus for measuring liquid as set 
forth in Claim 14, wherein said means for determin- 
ing the degree of opening performs the determina- 
tion by means of fuzzy control. 

55 16. An apparatus for measuring liquid as set 

forth in Claim 15, wherein the fuzzy control is 
based on fuzzy inference from a deviation and its 
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time-variation, between said set value and said 
actual measured value, using a prescribed fuzzy 
rule. 

17. An apparatus for measuring liquid as set 
forth in Claim 15, wherein said means for control- 
ling closes said first means for regulating and 
switches from controlling the amount of opening of 
said first means for regulating to controlling the 
amount of opening of said second means for regu- 
lating when said actual measured valued is within a 
predetermined amount of said set value. 

18. An apparatus for measuring liquid as set 
forth in Claim 15, wherein each of said first and 
second means for regulating has a dead zone 
corresponding to a range of the degree of opening 
of said first and second means for regulating, re- 
spectively, in which the flow-rate is substantially 
zero. 

19. An apparatus for measuring liquid as set 
forth in Claim 15, wherein said means for determin- 
ing computes respective initial degrees of opening 
for said first and second means for regulating 
based on the respective first and second set values 
and flow-rate characteristics of said first and sec- 
ond means for regulating. 

20. An apparatus for measuring liquid as set 
forth in Claim 16, wherein said means for determin- 
ing determines said deviation, and its time-vari- 
ation, between said set value and said actual mea- 
sured value, said prescribed fuzzy rule being such 
that said time-variation is more precisely calculated 
and is reduced as a measurement time increases. 

21. An apparatus for measuring liquid as set 
forth in Claim i" 7 , wherein said first means for 
defining a flow passage has a stop valve mounted 
thereto, downstream of said first means for regulat- 
ing, responsive to said control mechanism regulat- 
ing, for preventing flow of the first liquid to the 
receiving means, and said second means for defin- 
ing the flow passage has a second stop valve 
mounted thereto, downstream of said second 
means for regulating, responsive to said control 
mechanism for preventing the second fluid from 
flowing to said means for receiving. 

22. An apparatus for measuring liquid as set 
forth in Claim 14, wherein said first and second 
means for defining the respective first and second 
flow passages include a common flow passage at a 
position downstream of said first and second 
means for regulating. 

23. An apparatus for measuring liquid for use 
in a liquid mixing apparatus for mixing a plurality of 
liquids, the apparatus comprising: 

(1) a plurality of liquid transfer devices, each 
of said devices comprising: 

(a) containing means for containing a liquid of 
said plurality of liquids; 

(b) means for defining a flow path for the liquid 



from said means for containing; and 

(c) means for regulating flow-rate of the liquid 
through said flow path; 

(2) means for receiving respective amounts 
5 of each of said plurality of liquids; 

(3) means for connecting each said flow path 
with said receiving means; 

(4) means for obtaining an actual measured 
value corresponding to an amount of liquid re- 

70 ceived by said means for receiving; and 

(5) a control mechanism including: 

(a) means for determining an opening degree 
of each said means for regulating, said degree of 
opening corresponding to the flow-rate of the liquid 
rs through said means for regulating, the determina- 
tion being based on the actual measured value of 
liquid in said means for receiving and a set value; 
and 

(b) means for controlling the amount of 
20 . opening of said means for regulating in response to 
the determination of the amount of opening. 

24. An apparatus for measuring liquid as set 
forth in Claim 23, wherein said means for determin- 
ing the degree of opening performs the determina- 

25 tion by means of fuzzy control using a prescribed 
fuzzy rule. 

25. An apparatus for measuring liquid as set 
forth in Claim 24, wherein the fuzzy control is 
based on fuzzy inference from a deviation and its 

30 time-variation, between said set value and said 
actual measured value. 

26. An apparatus for measuring liquid as set 
forth in Claim 23, wherein said means for control- 
ling switches from controlling 'j.e amount of open- 

35 ing of one of said means for ^gulating to control- 
ling the amount of opening of a next one of said 
means for regulating after said actual measured 
valued is within a predetermined amount of said 
set value for the one of said means for regulating. 

40 27. An apparatus for measuring liquid as set 

forth in Claim 26, wherein each of said first and 
second means for regulating has a dead zone 
corresponding to a range of the degree of opening 
of the first and second means for regulating, re- 

45 spectively, in which the flow-rate is substantially 
constant zero. 

28. An apparatus for measuring liquid as set 
forth in Claim 24, wherein said means for determin- 
ing computes respective initial degrees of opening 

so for said first and second means for regulating 
based on the respective first and second set values 
and flow-rate characteristics of said first and sec- 
ond means for regulating. 

29. An apparatus for measuring liquid as set 
55 forth in Claim 23. wherein said plurality of liquid 

transfer devices comprises a first plurality of trans- 
fer mechanisms and a second plurality of transfer 
devices, and said means for receiving comprises a 
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first means for receiving the liquid from said first 
plurality of devices, and a second means for re- 
ceiving the liquid from said second plurality of 
devices. 

30. An apparatus for measuring liquid as set 
forth in Claim 24, wherein said means for determin- 
ing determines a deviation and its time-variation, 
between said set value and said actual measured 
value, said prescribed fuzzy rule being such that 
said time-variation is more precisely calculated and 
is reduced as a measurement time increases. 

31. An apparatus for measuring liquid as set 
forth in Claim 27, wherein the dead zone is be- 
tween a zero degree of opening of said valve and 
approximately a ten percent degree of opening of 
said valve. 

32. A device for mixing a plurality of liquids 
after cumulatively measuring the liquids, the device 
comprising: 

(a) means for receiving respective amounts 
of each of said plurality of liquids; 

(b) a plurality of liquid transfer mechanisms 
comprising: 

(1) containing means for containing one liquid of 
said plurality of liquids; 

(2) means for defining flow paths between each of 
said means for containing and said means for 
receiving; 

(3) means for regulating flow-rate of the liquid 
through said flow path, said regulating means being 
disposed between said means for containing and 
said means for receiving; 

(c) means for obtaining an actual measured 
value corresponding to an amount of liquid re- 
ceived by said means for receiving; and 

(d) a control mechanism including: 

(1) means for determining an opening degree of 
each means for regulating, said degree of opening 
corresponding to the flow-rate of the liquid through 
said means for regulating, the determination being 
based on the actual measured value of liquid in 
said means for receiving and a set value; and 

(2) means for controlling the amount of opening 
of each said means for regulating in response to 
the determination of the amount of opening, 
wherein said device further comprises means for 
mixing the received liquid. 

33. A device for mixing as set forth in Claim 

32, wherein said plurality of liquid transfer mecha- 
nisms comprises a first plurality of mechanisms 
and a second plurality of mechanisms, and said 
means for receiving comprises a first means for 
receiving the liquid from said first plurality of 
mechanisms and a second means for receiving the 
liquid from said second plurality of mechanisms. 

34. A device for mixing as set forth in Claim 

33. wherein said means for mixing comprises a 
tank for receiving the liquid from said first and 



second means for receiving, and each of said first 
and second means for receiving includes means 
for connecting with said means for mixing for trans- 
ferring the liquid in the connected one of said first 
5 and second means for receiving to said means for 
mixing. 

35. A device for mixing as set forth in Claim 
34, further comprising means for moving each of 
said first and second means for receiving, and 

70 means for moving said means for mixing. 

36. A device for mixing as set forth in Claim 
32, wherein said means for mixing is mounted on 
said means for receiving. 
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